The software architectural decisions are crucial and critical to the success of a software project life cycle. The set of relevant design decisions affects the quality of the software architecture. In this paper, a systematic decision-making framework is proposed by considering management and organizational factors and design goals/parameters that affect software architecture (SA) and integrating it with the technique for order preference by similarity to ideal solution (TOPSIS) to evaluate and select the quality software architecture. An illustrative case study is also mentioned to show the applicability of the proposed framework. The framework suggested in the paper should enable an architect and other key stakeholders of the software architecture to efficiently identify, evaluate and select the software architecture.
Introduction
Software Architecture (SA) plays a critical role in realizing the quality of the software product. The software product stakeholders are increasingly more concerned about the quality of the software product to satisfy various functional and non-functional requirements. The researchers, decision makers, managers, practitioners and product owners have identified that SA of the software system help in understanding and managing large and complex software systems [1] [2] and in constraining the quality attributes [3] . A quality SA is important to achieve a high-quality software system, both regarding development and long-term maintainability. Since SA plays a critical role in realizing software quality attributes, it has become a paramount task to evaluate SA about desired quality requirements as early as possible in the software development life cycle. The SA evaluation deals with the problem of assessing and selecting the potential SA, from the pool of alternatives SA candidates, that is capable of realizing required quality requirements [4] . The detection and fixing of possible errors and faults later in the software development life cycle contribute to enormous risks and costs. Thus, an early evaluation of SA plays a significant role in understanding software quality and associated potential risks [5] . Researchers have developed many methods to evaluate quality related issues at the SA level. The conventional qualitative and quantitative SA evaluation techniques [1-2], [4] majorly focus on the limitations of the quality in SA. Most of the available methods focus mainly on assessment of single quality attribute [6] . For example, a modifiability analysis of an SA is achieved through Architecture-Level Modifiability Analysis (ALMA) [7] ; Scenario based Architecture Analysis Method (SAAM) [8] is used to analyze the modifiability attribute of the SA quality.
To achieve business value and stakeholders' requirements satisfaction, it is of utmost important to evaluate SA considering multi-attribute quality analysis. Thus, there is dire need of a systematic SA evaluation framework that considers management and organizational factors and designs goals/parameters that drive the quality of the SA. Moreover, provide results quantitatively for the purpose of benchmarking and ranking of the software architectures.
The remainder of this paper is as follows: Section 2 provides the literature review of the related work. Section 3 describes the systematic decision-making framework for SA evaluation. Section 4 presents an illustrative case study that shows the utility of the proposed framework. Finally, Section 5 concludes the paper.
Literature Review
One of the most vital features of SA evaluation method is the number of quality attributes that a process can handle for the evaluation. Most of the methods available in the literature focus mainly on a single quality attribute analysis for SA assessment. For example, a modifiability analysis of an SA is achieved through Architecture-Level Modifiability Analysis (ALMA) [7] ; modifiability quality attribute has also been analyzed through Scenario based Architecture Analysis Method (SAAM) [9]; Active Reviews for Intermediate Design (ARID) [ There is a lack of work on the systematic evaluation of SA considering multiple quality attributes quantitatively. Currently, only two techniques Scenario-Based Architecture Reengineering (SBAR) [20] and Architecture Tradeoff Analysis Method (ATAM) [8] focus on multiple quality attributes analysis. However, SBAR focus on only development and operational related quality attributes analysis [20] and thus limit the overall assessment of the SA towards achieving business value. ATAM specifically focuses on utility tree and scenarios to make the quality analysis. In case the scenarios are not mapped precisely and consistently then the overall assessment becomes the far-reaching goal. None of the methods mentioned in the available literature consider management and organizational factors and design goals/parameters that drive the quality of the SA for the evaluation purpose.
One of the widely used decision methods is Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) which is the focus point of usage in varied disciplines [21] [22] [23] [24] [25] . This technique functions on the concept that the chosen alternative should have the shortest Euclidean distance from the positive ideal solution and farthest from the negative ideal solution. Generally, TOPSIS is a technique where decision maker has to perform the evaluation of the finite number of decision alternatives under the finite number of criteria. The underlying philosophy of TOPSIS is that the selected option remains at the shortest distance, in a geometrical sense, w.r.t the ideal solution and longest distance from the worst solution. The purpose of the analysis is to rank the alternatives in an order of preference.
Systematic Decision-making framework (SDMF)
The process of SA evaluation comes under multi-criteria decision-making problem and to attain such a process of SA evaluation a systematic decision-making framework is proposed. The framework considers management and organizational factors and design goals/parameters for software architecture evaluation and also utilizes TOPSIS technique to restructure the complex domains composed of diverse internal and external factors in the SA evaluation process. Figure 1 presents the framework.
